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Some of the most unique features of the
kangaroo, leaping marsupial, may be ob-
served at the microscopic level. Previously,
histochemical technics have demonstrated alka-
line pliosphatase in the Meissner corpuscle of
another marsupial, the North American opos-
sum (Winkelmann (1)), and now the study of
kangaroo skin has demonstrated several ob-
servations of enzyme reactivity that are note-
worthy.
METHODS AND MATERIALS
A medium-sized red kangaroo was anesthetized,
and biopsy was done on specimens from the skin
of the nose, external Dares, cheek, upper and
lower lip, palate, and gingiva, as well as of the tip
and dorsum of the tongue. Additional specimens
were taken from the dorsal and ventral skin,
penis, conjuactiva, axillary and inguinal and pen-
anal skin, and ventral skin of the tail. These speci-
mens were immediately frozen and later prepared
by the frozen section methods for alkaline phos-
phatase and specific and non-specific chnlinesterase
as modified from Gomori (2). All sections were cut
at 50 s to permit examination of nerve patterns
and organization of larger histologic structures.
RESULTS
Cholinesterase —Nerve end-organs of the
glabrous skin were found principally to be
the encapsulated elongated and convoluted
mammalian end-organ type. The axial nerve
characteristically is surrounded by a broad en-
zyme-containing envelope, which is covered by
several closely approximated concentric capsular
layers. These end-organs were found in all of
the glabrous skin regions but were particularly
dense in the nose and palate (Fig. la and
5). In the palate they extended up into the
dermal papillae, although their usual loca-
tion—as in the palmar and digital skin—was
below the epithelium and at the entrance of
the dermal papilla. Meissner corpuscle end-
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organs were observed at the peak of the dcr-
mal papillae (Fig. lc) in the tip of the tongue,
in the gingiva, and in the skin of the palm and
thumb. These end-organs were composed of
single lobules of layered cholinesterase-positive
tissue (Fig. ld). All of the end-organs were
more strongly positive with butyrylthiocholine
as a substrate. Corpuscles were not seen in the
ventral skin of the tail, and in only one in-
stance—about the nares—were nerve end-or-
gans seen in the hairy skin. Masses of cholin-
esterase-positivc nerve with diameter broad
enough to resemble the small mammalian end-
organs were observed about the sensory hair
and the large hairs of the upper lip.
The hair end-organ, or masses of circular
nerves about grouped hair follicles as observed
in primates, has demonstrated positive butyryl
cholinesterase activity on the skin of the dorsum,
eyelid, axilla, sternum, and nares (Fig. 2a).
Only occasional follicles were positive with
specific cholinesterase. In areas such as the
sternal, perianal, scrotal, and inguinal regions,
the sebaceous glands also demonstrated bu-
tyrylthioeholine esterase activity.
Alkaline Phosphatase.—The epithelium was
positive for alkaline phosphatase in the muco-
cutaneous regions of the conjunctiva, gingiva,
palate, and tongue. In other regions, pigmenta-
tion made observation of this activity difficult.
The nerves about the hair follicles of the
scrotum, sternum and cheek, and of the ingui-
nal and axillary regions were positive for alka-
line phosphatase (Fig. 25). In these regions, in
addition to the dorsum of the foot, the se-
baeeous gland also showed alkaline phosphatase-
positive activity. In the dorsum of the foot
and the upper lip (Fig. 2c), the external root
sheath of the hair follicle demonstrated alka-
line phosphatase reactivity (Fig. 2d). In the
dorsal and the ventral skin of the body and in
the ventral skin of the tail, small sebaceous
glands showed almost no alkaline phosphatase
reactivity. In the regions of the conjunctiva,
particularly the meibomian glands, and in the
perianal area, as well as in the axillae, the
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FIG. 1. a. Mammalian end-organs in hard palate immediately below the epidermis (cholin-
esterase; X 125). b. A mammalian end-organ demonstrating both the central envelope that
contains the enzyme and the concentric lamellae of its outer capsule (cholinesterase; X 310).
c. A group of Meissner corpuscles in apex of dermal papilla of palmar skin and a mammalian
end-organ in deeper tissue of the kangaroo (chohnesterase; )< 125). d. A Meissner corpuscle
in the palmar skin of the kangaroo showing its simple morphology (cholinesterase; X 500).
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FIG. 2. a. Massive enzyme reactivity about the hair follicles of the cheek—the hair nerve
end-organ (cholinesterase; >( 125). b. Hair nerve demonstrated by enzyme active in scrotal
skin (alkaline phosphatase; >< 495). c. Sebaceous glands of lip of kangaroo (alkaline phos-
phatase; X 125). d. Enzyme active in the outer root sheath of hair follicle and the sebaceous
glands of hind foot of kangaroo (alkaline phosphatase; X 310).
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Fia. 3. a. Group of motor end-plates in striated muscle of tongue of kangaroo (alkaline
phosphatase; >< 125). b. Two motor end-plates demonstrating the morphology of this ter-
minal (alkaline phosphatase; >< 495).
sebaeeous glands showed massive enzyme reac-
tivity.
Sensory nerve end-organs did not demon-
strate alkaline phosphatase reactivity. However,
the motor end-plates of the striated muscle
of the lip and the tongue were clearly dem-
onstrated with all their fine structure by this
frozen-section enzyme technic (Fig. 3a and b).
Cholinesterase reactivity was present also in
these same motor end-plates in an identical
location and histologic relationship.
The apocrine glands showed several charac-
teristic patterns of alkaline phosphatase reac-
tivity. In the ventral skin of the tail and in the
dorsum of the hind foot, the ampulla, or the
first dilated portion of the apoerine gland,
demonstrated massive alkaline phosphatase re-
activity (Fig. 4a and b). In the upper lip and
the conj unetiva, the entire gland demonstrated
alkaline phosphatase reactivity that was prin-
cipally confined to the myo-epithelium (Fig.
4c and d). Alkaline phosphatase reactivity was
not seen in the apocrine glands of the scrotum
and sternum, and of the inguinal, perianal,
and axillary skin regions as well as those
of the ventral and the dorsal skin of the body.
The eecrine gland myo-epithelium showed vari-
able positive reactions to alkaline phosphatase
in the regions of the digital skin.
DISCUSSION
According to a recent study (3), the mamma-
han end-organ is typical in all mammals, except
in the primate, and it takes the place of the
Meissner corpusele-mueoeutaneous end-organ,
which characterizes primate skin. The eholin-
esternse technies used in the present study dem-
onstrate not only that kangaroo tissue is char-
acterized by the mammalian end-organ but also
that Meissner corpuscle end-organs are seen
in certain specialized regions. Hoggan (4) de-
scribed Meissner corpuscles in kangaroo skin
but did not discuss any other form of nerve
end-organ. The combination of mammalian end-
organs and Meissner corpuscles has been de-
scribed in the lemur (5), but in that instance
S 
FIG. 4. a. Enzyme activity in ampulla of apocrine gland of ventral tail region of kangaroo
(alkaline phosphatase; X 125). b. Enzyme activity in first coil of apocrine gland of ventral
tail region (alkaline phosphatase; X 125). c. Enzyme activity of all the apocrine gland of the
lip (alkaline phosphatase; X 125). d. Enzyme activity of the myo-epithelial cells of apocrme
gland (alkaline phosphatase; X 125).
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the mammalian end-organs were present only
in the nose, and the major end-organ was the
Meissner corpuscle. Kangaroo tissue shows both
of these end-organs existing in the same regions
—as in the digits—and that the major end-or-
gan is the mammalian one.
Non-specific eholincsterase typifies organized
nerve endings of the sensory type in almost
all animals, and in this marsupial, the kangaroo,
it characterizes both types of nerve endings ob-
served. The only other marsupial studied by
these technics, the opossum, does not demon-
strate cholinesterase in its nerve end-organs.
From this evidence, and from studies involving
inhibition of cholinestcrase (6) and experi-
ments involving nerve section (7), it is not
possible to ascribe a specific function to the
cholincsterase content of the nerve ending.
Cholinesterases arc useful markers for nerve
receptor tissue, and no more sophisticated
theorizing is justified by this evidence.
Cholinesterase-positive nerve about the hair
follicles is common in many species of animals.
The end-organ of the hair nerve is special for
its content of non-specific cholinesterase. This
is comparable to the enzyme content of the
sensory end-organs of the glaborous skin and
may be compared with other major sensory
terminations. Non-specific cholinesterase tends
to characterize nerves in the kangaroo skin.
While some reactivity occurs with specific
cholinesterase, the only regions of consequence
are in the perivascular and periglandular nerve
networks of the sympathetic nervous system.
Non-specific or butyryl cholinestcrase is seen in
some sebaccous glands. Since the hair nerve is
found at the region of the sebaccous glands, it
was thought that this was more than a simple
coincidence. There is no relationship between the
positive enzyme reaction of the hair nerve and
the sebaceous gland.
Studies of the opossum have demonstrated
that alkaline phosphatase was found in the
nerve end-organ of this mammal although cho-
linestcrase could not be demonstrated by any
technic. Although there is no evidence of the
presence of alkaline phosphatase in the end-
organs in the kangaroo, this substance is pres-
ent in the motor end-plates of the striated
muscle. No other animal has been found to have
alkaline phosphatasc within its motor end-
plates. The diazo coupling technic for alka-
line phosphatasc in frozen sections is surely
one of the easiest of the standard histochomi-
cal technics and provides a useful now method
for demonstrating the motor end-plate struc-
ture.
The reactivity of the hair nerve for alkaline
phosphatase is a unique finding in the kangaroo.
No other animals have been observed to have
this histochemical relationship. This enzyme is
not found in all hair nerves of the kangaroo
skin, and it is not related to alkaline phospha-
tase reaction of the sobaceous gland. Sebaceous
glands are markedly positive for the enzyme in
certain regions and are negative in others, as
outlined in the results. This emphasizes the
regional variation in enzyme content present in
the skins of many animals (8). A good example
of this is the apoerinc gland information pre-
sented herein in which the amount of alkaline
phospliatase reactivity and its location vary
markedly. The variation is not related to the
presence of alkaline phosphatase in nerve, blood
vessels, sebaccous glands, or other structures
but appears to ho related to the presence of al-
kaline phosphatase reactivity in the myo-epithc-
hal tissue. Whether it is related to the secre-
tory physiology of the gland is not clear, and,
although variations from region to region exist,.
the individual glands within a specific region
arc quite constant.
The distinctive histochemical findings dis-
cussed provide a chemical signature for the
kangaroo skin. It should be possible on the
basis of the present knowledge of the kangaroo
and the histochomical knowledge of other ani-
mals to recognize kangaroo skin from the his-
tochemical and morphologic findings presented.
A more complete study of other marsupial
skin should provide an answer to whether mar-
supials are more alike in these respects to each
other or to other animal forms. This is a ques-
tion of great taxonomic significance, and histo-
chemical tcchnics may help provide the answer.
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